Background: Research has shown that individual socio-economic circumstances throughout
Introduction
Research suggests that social and economic circumstances during childhood 1, 2 and adulthood, 3, 4 including job loss and job insecurity 5, 6 , are associated with poorer health in laterlife. In many studies, however, it is difficult to establish causality between individual health and economic circumstances, or whether an association arises due to unmeasured confounding. 2, 7 Recent studies, therefore, have considered how economic context, which shapes individual labour market and socioeconomic opportunities, influences health in the long-run. 8, 9 10 An advantage of this approach is that changes in economic context, such as onset of an economic recession, cannot be 'caused' by individual health and are therefore not susceptible to reverse causality. For example, evidence suggests that women experiencing a downturn around year of graduation have poorer health in older age compared to women who graduated during an economic boom. 8, 9 Likewise, economic downturns during mid-life have been found to be associated with poorer cognitive function in older men and women, 10 whereas recessions around retirement increase subsequent mortality.
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So far, no studies have assessed whether exposure to adverse macroeconomic conditions during early and late mid-adulthood have long-lasting effects on physical health. The period of early adulthood may be particularly sensitive to changing economic conditions as it coincides with critical life-course events such as entering the labour force, leaving the parental home, establishing an own residence, forming a family and transiting into parenthood. Middle-age workers may be particularly vulnerable to a poor economy as they may face difficulties in 6 returning to the labour market after job loss, and at the same time they may be too young to retire.
This study addresses this gap by examining how life-time experiences of economic downturns across several life-course stages influence functional health in later-life. Linking data on macroeconomic cycles between 1945-2010 to longitudinal data for 11 countries in the Survey of Health, Ageing and Retirement in Europe (SHARE), we examine whether economic downturns experienced at each 5-year interval between ages 25 and 54 are associated with physical functioning in later-life (ages 55 to 80). We also explore several potential behavioural and socioeconomic mechanisms linking macroeconomic conditions to late-life physical health.
Methods

Individual data
SHARE is a longitudinal survey designed to provide comparable information on health, employment and social conditions of Europeans aged 50+ in 13 European countries. Detailed information about the methodology is available elsewhere. 
Wave 3 included a detailed retrospective life-history questionnaire (SHARELIFE). Except for
Austria and Dutch-speaking Belgium, the second wave in 2006/07 also included a refreshment 7 sample. Baseline response rate was 62% on average, but it varied from 37% in Switzerland to 73% in France; retention rates ranged from 65% to over 70%. 14, 15 Our analytical sample included respondents who participated in at least one (baseline) interview 
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To explore potential mechanisms we incorporated measures of health behaviours including current smoking, excessive alcohol consumption (drinking alcohol almost every or 5/6 days a week) and physical inactivity (hardly ever or never engaging in vigorous physical activity). In addition, we explored the impact of downturns on household income (measured as countryspecific quartiles), labour force participation as well as respondents' self-reports of whether they believe health will limit their ability to work until regular retirement.
Data on economic cycles
We use historical time-series on annual gross domestic product (GDP) per capita obtained from 'The World Economy: A Millennial Perspective' database up to 2010. [20] [21] [22] To derive information on individual exposure to downturns over the life-course we separated the cyclical component from secular trends in log of GDP for each country using the Hodrick-Prescott filter 23 with a smoothing parameter of 100. We then followed a common approach in the literature by converting the cyclical component into country-specific quintiles. [24] [25] [26] For each country, an annual deviation from the trend in GDP per capita that fell in the lowest quintile was classified as a downturn. [24] [25] [26] This approach enabled us to distinguish years of economic up-and downturns within each country. 10, 25, 27 In supplementary analysis, we found that using absolute number of downturns instead if this binary indicator for each age interval yielded very similar results.
Appendix Table 1 shows country-specific cut-offs in terms of deviations from the trend from GDP per capita used to define a downturn.
We used yearly information on life-time exposure to business cycles to create a set of variables indicating whether an individual had experienced at least one downturn during each 5-year ageinterval from ages 25 to 55 years. 10 Because we focus on effects of downturns during mid-and late-adulthood, we chose age 54 as upper limit as years beyond this age often coincide with transitions to retirement.
Statistical analysis
We used logistic regression to model probability of reporting one or more limitations with ADL and IADL. To control for constant differences across countries and cohorts that could bias estimates, we estimated country-and birth year-fixed effect models exploiting within-country variation across cohorts. The basic model had the following form: We found no significant interactions between gender and downturn indicators; we therefore present results for the pooled sample. All analyses were conducted using calibrated sampling weights to account for bias due to unit nonresponse and sample attrition. 28 Standard errors were clustered at the country level.
Results
Sample characteristics are shown in Appendix Table 2 Table 2 shows results of logistic models assessing whether downturns at ages 25-54 were Table 3 ).
Downturns at ages 25-55, health behaviours and socioeconomic outcomes at ages 55-80
We did not find evidence that recessions at specific age-intervals between ages 25-54 had a significant effect on likelihood of initiating smoking. Downturns at ages 50-54 were associated with increased probability of being employed (OR=1.61, 95%CI=1.13-2.28). Downturns at ages 30-34 and 35-39 were associated with significantly lower probabilities of reporting that health limits ability to work until retirement, whereas downturns at ages 45-49 were associated with a higher probability of reporting that health limits ability to work until retirement (OR=1.81, 95%CI=1.13-2.90).
Discussion Summary
Based on representative data for 11 European countries, we showed that downturns at ages 45 to 49 are associated with increased risk of physical functioning limitations at ages 55 to 80.
Results were consistent for prevalence of chronic disease as well as incidence of new limitations. Our findings support the hypothesis that downturns during late mid-adulthood (45 to 54) are associated with poorer health in later-life, possibly through increased risks of unhealthy behaviours and reduced incomes.
Limitations
Despite several strengths, some limitations should be considered. A concern is non-response and sample attrition bias. We conducted analyses using calibrated sampling weights that account for nonresponse, attrition and mortality between waves. 28 Nonetheless, premature mortality associated with exposure to downturns before ages 55-80 is a potential concern.
Although we have no direct way to account for this, in sensitivity analyses, we found that estimates for respondents aged 55-64 years, a group less susceptible to premature mortality, showed a very similar pattern as for respondents 55 to 80 (Appendix Table 4 ).
Our empirical approach does not enable us to fully separate cohort from period effects.
However, sensitivity analyses show that the key findings are not driven by particular cohorts (Appendix Table 5 and Figure 1 ). Whereas downturns may have different effects for individuals retaining their jobs compared to those experiencing unemployment, in supplementary analyses we found that controlling for experiences of non-employment or job-loss yielded very similar estimates (Appendix 6). In addition, our estimates relied on country-level data on GDP, as we lacked information on economic indicators for smaller regions, which may have concealed important regional variations within countries.
Finally, we used a non-parametric approach to identify economic downturns, which was based on quartiles of deviations from country-specific GDP trends. 25, 27, 29 . Caveat of this approach is that it does not distinguish downturns from different intensity, e.g, a downturn may be a year of small economic growth in one country, while it may refer to negative growth in another country.
This approach was necessary to maintain some level of comparability over time and across countries. However, our estimates should be interpreted as reflecting the impact of an economic downturn relative to the economic performance of each country, rather than the absolute effect of exposure to severe economic recessions.
Explanation of results
Our findings are in agreement with studies suggesting that individual factors associated with economic downturns, particularly job loss and job insecurity, are associated with poor health outcomes in later life. 5, [30] [31] [32] Yet, our results might also reflect the influence of downturns via mechanisms other than unemployment, such as smoking and alcohol consumption.
Studies suggest that adverse financial circumstances and job loss can decrease resources for healthy behaviours such as exercise and nutrition, and may trigger use of alcohol or drugs as a coping mechanism to face adversity. 32, 33 In contrast, some studies suggest that economic downturns may lead to positive changes in health-related behaviour by temporarily reducing obesity, smoking and physical inactivity, 34 and reducing job-related stress. 33 Our results suggest that temporary improvements in health behaviours during downturns may be offset by cumulative detrimental effects of downturns.
Downturns may influence health through their impact on life-time earnings and financial assets.
A macroeconomic shock experienced at middle-ages may lead to substantial drops in housing wealth, influencing life-time accumulation of financial resources to finance consumption and maintain living standards in older age. 35, 36 Over the long-run, reduced earnings and wealth may trigger several mechanisms potentially harmful to health, 7, 37, 38 contributing to poorer disability outcomes for cohorts that experienced less favourable economic conditions during their adult life.
We found that individuals aged 45 to 49, and possibly 50 to 54, may be particularly vulnerable to downturns. Evidence from the recent recession shows that consequences of job-loss were particularly severe for workers in their 50's 5, 6 Job loss among older workers is associated with increased risk of cardiovascular disease, 6, 39 alcohol consumption, 40 depressive symptoms 41 and physical disability, 42 all of which may lead to long-term loss of physical function in older age.
Many individuals aged 45 to 54 also belong to the so-called 'sandwich generation', 43 a group 18 that faces the competing pressures of simultaneously caring for children and older family members. A period of economic adversity may thus have particularly stressful consequences for these individuals, which may in turn translate into poorer health in older age.
Conclusions
Results from our study suggest that years in recession at ages 45 to 49, and possibly at ages 50 to 54, are associated with poorer health in older age. It is tempting to conclude, based on our findings, that government policies that typically slowdown economic growth, such as environmental regulation, would have negative consequence for health, i.e., because they may expose cohorts to more economic downturns. We believe such inferences are not justified based on our findings, because many of these policies might have their own direct effects on health. Assuming that economic downturns cannot be entirely avoided, our results do suggest that policies aimed at mitigating the impact of economic downturns for those aged around 45-49 may contribute to better health and functioning in later life. 
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Key Points
• This paper assesses whether exposure to macroeconomic shocks during early and late mid-adulthood has long-lasting effects on physical health using a representative sample of individuals aged 55-80 in 11 European countries.
• We show that economic downturns around ages 45-49 negatively affect prevalence and incidence of functional limitations at later-life (ages 55-80).
• Effects of downturns around these ages on health-related behaviours and incomes may explain the long-lasting negative effects of downturns on health.
• Our findings stress the importance of adopting a life-course perspective to understanding how macroeconomic conditions shape health in later life. Predicted probabilities were obtained from logistic regression models including fixed-effects for year and country of birth (using Austria as reference) as well as controls for age and sex. .09 OR, odds ratio; CI, 95% confidence interval; P, p-value. a All models include the same covariates as in Table 2 . b Ordered logistic model. A higher quartile indicates higher incomes. c Retired vs. working is a binary indicator referring to the current economic activity. Individuals working part-or full-time and those reporting to be looking for a job were classified as working. Excluded are individuals who are who are homemakers, permanently sick or others (student, doing voluntary work or living off own property). d Binary indicator (no/yes) based on the question "Are you afraid that your health will limit your ability to work in this job before regular retirement?" Since this question was only asked to individuals currently working, the model for this outcome only includes this group. f Income quartiles are country-specific and adjusted by purchasing power parities (PPP) as well as household size.
Appendix
g Retired vs. working is a binary indicator referring to the current economic activity. Individuals working part-or full-time and those reporting to be looking for a job were classified as working. Excluded are individuals who are homemakers, permanently sick or others (student, doing voluntary work or living off own property). h Binary indicator (no/yes) based on the question "Are you afraid that your health will limit your ability to work in this job before regular retirement?" As this question was only asked to individuals currently working, the model for this outcome only includes this group. a The models assess the association between downturns at subsequent age intervals and the likelihood of quitting smoking during the respective age-intervals among smoker. All models include the same covariates as in Table 2 .
Appendix a To assess the robustness of the results to potential cohort-effects, the above Table compares the results using SHARE waves 1, 2 and 3 (as presented in Table 2 ) with an analysis that includes individuals first interviewed in wave 4 (N=63,860). Because we lack retrospective information on childhood health and socioeconomic conditions, as those were only collected in wave 3, models including the wave 4 sample only include controls for age, sex, education and fixed-effects for country and year of birth.
Appendix Figure 1:
Influence Statistics (DFBETA) by Year of Birth for ADL and IADL a a To empirically investigate if the results are potentially driven by particular cohorts, we conducted a set of sensitivity analyses. More specifically, we estimated influence statistics following the main models presented in Table 2 . The two graphs show the influence of single observations (using the Stata post-estimation command 'DFBETA' which "…measures how much impact each observation has on a particular predictor. The DFBETA for a predictor and for a particular observation is the difference between the regression coefficient calculated for all of the data and the regression coefficient calculated with the observation deleted, scaled by the standard error calculated with the observation deleted." [see: http://www.reed.edu/psychology/stata/analyses/parametric/Regression/pe/dfbeta.html]. As the respective plot for the model using ADL as the outcome suggests, the influence of individual observations is distributed rather equally across cohorts. Only some 8 observations around the year of births 1931, 1936, 1942 and 1949-1951 seem to stand out by lying above the line 0.2. However, the number of observations above this line is very small (n=250) and omitting them from the models does not change the results to a noteworthy degree. When looking at the influence statistics for IADL it seem that earlier cohorts (years of birth around 19301935) have a larger influence on the results than later cohorts. However, excluding observations with values above 0.3 (n= 562) or 0.25 (n=925) does not alter results to a noteworthy degree.
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Appendix Table shows the results of logistic regression models, regressing a binary indicator of having one or more limitations in ADL or IADL at ages 55-80 on a set of variables indicating the occurrence of a downturn during consecutive 5-year age-intervals between 25-54, controlling for lay-offs or unemployment because of plant closure (defined as experiencing at least one spell in each respective age-bracket). The models have the same covariates, including fixedeffects for the country as and year of birth, as those presented in Table 2 . Standard errors are clustered on the country of birth level. Due to missing information on work-histories, the sample size (N=11,108) is smaller than that used for the main sample (N=13,514).
